Genotypically similar parasites from Honduras cause both visceral and cutaneous leishmaniasis in humans. Experimental Parasitology 85, 264-273. In the Mediterranean region Leishmania infantum causes both visceral and cutaneous leishmaniasis. These two pathologies tend to be caused by distinct parasite zymodemes. We have studied 33 isolates of Leishmania, 2 from sandflies, 5 from visceral cases, and 26 from cutaneous cases in Honduras, to determine if there is a correlation between pathology and parasite type in the New World similar to that in the Mediterranean region. Nine of the 26 cutaneous cases were caused by L. mexicana parasites, which have not been previously reported from Honduras; the remaining 17 cutaneous cases were due to L. chagasi. Only minor differences were found between the Honduran L. chagasi parasites by random amplified polymorphic DNA, differential display, pulsed-field gel electrophoresis, and schizodemes. This suggests that in Honduras the parasite type may not be the only factor determining the clinical outcome of L. chagasi infections.
INTRODUCTION
Leishmania chagasi is well established as the agent of visceral leishmaniasis in the New World, including Honduras. Recently it has been shown that L. chagasi also causes distinctive nonulcerating cutaneous lesions in Costa Rica (Zeledon et al. 1989) and Honduras (Ponce et al. 1991) .
L. infantum, which is indistinguishable from L. chagasi by isoenzymes and RFLPs (Beverley et al. 1987; Cupolillo et al. 1994; Moreno et al. 1986) , also causes both cutaneous and visceral disease in the Mediterranean (Ben-Ismail et al. 1992; Frank et al. 1993; Gramiccia et al. 1987; Rioux et al. 1980) . Over 20 zymodemes of L. infantum have been described (Rioux et al. 1990) and there is a good although not perfect correlation between zymodeme and pathology. In a classification of 108 L. infantum isolates belonging to 9 zymodemes, 5 zymodemes contained only cutaneous strains, 1 contained one case of post-kala-azar dermal leishmaniasis, 2 zymodemes contained only visceral isolates, and 1 zymodeme (MON1), to which 89 of the cases belonged, contained both visceral and cutaneous isolates . The WHO L. infantum reference strain (MHOM/ TN/80/IPT1) and the WHO L. chagasi reference strain (MHOM/BR/74/M2682) both belong to MON1 as do all the L. chagasi strains from South America, including some from Honduras, which have been included in the Montpellier zymodeme system (Moreno et al. 1986 ). The differences in pathogenicity of different zymodemes has led some workers to suggest that different L. infantum strains have genetically determined tropisms (Gradoni and Gramiccia 1994) .
In Honduras L. chagasi is almost completely restricted to the semiarid mountains adjoining the Pacific Coast in the south of the country (Fig. 1) . Between 1974 and , there were 210 cases of visceral leishmaniasis confirmed in this region. In the late 1980s it was discovered that distinctive nonulcerating hypopigmented 1 To whom reprint requests should be addressed. plaques or papular lesions which had been attributed to leprosy were caused by L. chagasi (Ponce et al. 1991) . Since that time 146 cases of nonulcerating cutaneous leishmaniasis have been diagnosed. Cases of visceral leishmaniasis have been found in many places in Southern Honduras. Cutaneous leishmaniasis is also known from most parts of the region including some parishes in which no cases of visceral leishmaniasis have been diagnosed. There appears to be a concentration of cutaneous cases to the east of the River Nacaome although this may be a consequence of more intense surveillance in this area.
We have examined 33 isolates from sandflies and visceral and cutaneous leishmaniasis cases from Honduras, together with visceral and cutaneous reference strains of L. infantum. The objective of the study was to determine whether or not differences could be detected between L. chagasi parasites from Honduras comparable to the differences between L. infantum demes causing cutaneous or visceral pathology around the Mediterranean.
MATERIALS AND METHODS
Parasites were obtained from cutaneous lesions by aspiration, from cases of visceral disease by bone marrow aspiration, and from sandflies by culture of flagellates detected by dissection. Figure 1 shows the location of the parishes from which parasites used in this study were isolated. Parasites were isolated into Senekjie's medium with 10% rabbit blood overlaid with Locke's solution in which they generally grew well. Each isolate was typed by monoclonal antibodies at the Honduran Ministry of Health Cen-FIG. 1. Map of Southern Honduras showing the parishes from which L. chagasi and L. mexicana parasites included in this study have been isolated. The number of isolates is indicated in brackets after the name of the parish. ᭹, Parishes in which parasites were isolated from cutaneous cases. , Parishes in which parasites were isolated from visceral cases. B, Belize; C, Costa Rica; G, Guatemala; H, Honduras; N, Nicaragua; P, Panama; S, El Salvador. (Rodgers et al. 1990) . LiR when used in combination with 13Z generated a product approximately 100 bp smaller than the complete minicircle from all 16 Leishmania species tested and from Endotrypanum monterogei and E. schaudinni. The 680-bp L. infantum product was digested with HaeIII without further purification according to the recommendations of the manufacturer (Boehringer Mannheim).
Pulsed field gel electrophoresis using the BioRad CHEF DRII apparatus followed by Southern hybridization under alkaline conditions was carried out as previously described (Navarro et al. 1992) . Southern blots were probed by standard methods (Maniatis et al. 1982 ) using the PBS10Rb.1.0 probe (Button and McMaster, 1988 ) and a probe for the telomeric repeat found at the end of most Leishmania chromosomes (Ellis and Crampton, 1988) .
Differential display is a method for detecting differences in transcribed genes between different stages of the same organism or between members of the same population. Total mRNA is reverse transcribed to produce total cDNA using a poly(dT) 12 primer that anneals to the poly(A) tail of all mRNAs. The total cDNA is then amplified with a random decamer primer and the same poly(dT) 12 primer that was used in the reverse transcription reaction. Over 100 products of this reaction can be visualized on a polyacrylamide sequencing gel. In this way a large number of genes can be quickly screened for size differences of as little as a single base.
Differential display of cDNA was carried out as previously described (Liang and Pardee 1992) . cDNA from a sandfly isolate (HN92), a visceral isolate (HN29), two cutaneous strains of L. chagasi (HN421 and HN462), and a cutaneous and a visceral L. infantum strain (LEM188 and IPT1) was amplified with the four poly(dT) 12 anchored primers dT 12 NA, dT 12 NC, dT 12 NG, and dT 12 NT paired with the following random primers: P1 (TACAACGAGG) and P14 (GATCAAGTCC) and AB1-15, UK1, AB1-6, A7, and UBC302 (Noyes et al. in press ). The isotopically labeled PCR products were visualized on sequencing gels. The high sensitivity and resolution of this method permit the visualization of large numbers of products.
RESULTS
All 33 strains were identified by monoclonal antibodies and 30 had been previously identified by isoenzymes; all identifications were confirmed by random amplified polymorphic DNA (RAPD) (not shown). Nine strains from papular cutaneous lesions were found to be L. mexicana (see Table 1 ), these lesions were clinically indistinguishable from those caused by L. chagasi. This is the first report of L. mexicana from Honduras. Twenty-four strains were L. chagasi, 17 from cutaneous cases, 5 from visceral cases, and 2 from sandflies ( Table 1) . The test strains of each species were all indistinguishable from other conspecifics by RAPD using 47 different random primers and only minor differences were detected between the L. infantum reference strains by this method.
There was almost complete homogeneity in the PCR based HaeIII schizodemes of all of the Honduran L. chagasi strains in this study although substantial differences were seen between test strains and reference strains (Fig. 2) . However in six Honduran strains, HN420, HN421, HN552, HN556, HN572, and HN586, a 400-bp band was missing that was present in all other strains (Fig. 2) . This polymorphism was represented in three of the four batches received and was identified in isolates from four different departments of Honduras from both visceral and cutaneous cases. Two strains of L. chagasi isolated from cases of visceral leishmaniasis in Nicaragua (92/LV1 and 92/LV2), close to the frontier with Honduras, were identical to each other but quite distinct from the Honduran strains (represented by 92/LV1 in Fig. 2B) .
Karyotypes of 22 Honduran L. chagasi isolates together with all the L. infantum and L. chagasi reference strains were obtained by pulsed-field gel electrophoresis. All Honduran L. chagasi included in the study appeared to be identical with the exception of HN336 which had a duplicated small chromosome at 300 kb (Fig. 3) . These results were confirmed by the PB10 gp63 probe (Fig. 4) . The PB10 probe indicated that, for all L. chagasi in the study, the gp63 gene was on a chromosome of about 770 kb, with the exception of HN462 in which gp63 was found on two presumably homologous chromosomes at 770 and 750 kb (Fig. 4 , middle). M4192 from Brazil had a gp63 gene cluster at about 740 kb, similar to that seen on the Honduran strains in the study (Fig. 4, left) . L. infantum strains had gp63 genes at 625 kb (LEM188), 645 kb (LV358), and 630/640 kb (LV405 and IPT1) (Fig 4, left) . All the reference strains were different from each other and from the Honduran test isolates when probed FIG. 2 . HaeIII schizodeme of PCR-amplified kDNA of Honduran L. chagasi test strains (HN prefixes) and nine L. infantum and L. chagasi reference strains. The gels shown in A and B were prepared with 1.5% 1:1 Nusieve:normal agarose. A fragment at about 400 bp absent in HN420, HN421, HN552, and HN556 but present in all other Honduran test strains is indicated by an arrow. C Repeat HaeIII schizodeme with the addition of two strains HN572 and HN586 not shown in A and B. The gel was prepared with 1.5% Nusieve agarose. HN420, HN421, HN552, HN556, HN572, and HN586 do not contain the 400-bp fragment, HN310, HN167, and HN419 do contain the 400-bp fragment which can be seen more clearly in this higher resolution gel.
with a telomeric probe which binds to most chromosomes (not shown).
Differential display did not generate any polymorphisms which were markers for the two types of disease caused by L. chagasi, although a few polymorphisms were identified in individual stocks (Fig. 5) . A large number of polymorphisms were found between the L. infantum reference strains for cutaneous and visceral disease. The L. infantum IPT1 visceral leishmaniasis reference strain fingerprint shared more bands with all the L. chagasi strains than it did with the L. infantum LEM188 cutaneous leishmaniasis reference strain, consistent with L. chagasi and IPT1 all being from zymodeme MON1. Figure 5 shows the fingerprints obtained by differential display of six L. chagasi and L. infantum strains generated by random primer P14 paired with anchored primers dT 12 NC and dT 12 NG. Four of the cutaneous L. chagasi isolates included in this study have previously been found to be identical by 14 enzymes to the WHO reference strain for L. chagasi (MHOM/BR/74/ M2682) which was isolated from a visceral case and belongs to the Montpellier zymodeme MON1 (Ponce et al. 1991) . All the techniques presented here usually generate more polymorphisms than do isoenzymes. HaeIII has previously been shown to be the restriction enzyme which generates the maximum number of fragments from L. infantum kDNA and identifies 9 of 10 L. infantum strains (1989) . In the present study HaeIII schizodemes of all the reference strains were readily distinguishable but only one difference was detected in the test strains and this did not correlate with pathology. In 3 of 28 strains the gp63 gene was found on two different sized chromosomes (Fig. 4) , in each case the individual bands were approximately half the intensity of the single band in the other isolates. This is consistent with the available data indicating that Leishmania is predominantly diploid and automictic giving rise to homologous chromosomes that are usually of the same size (Blaineau et al. 1992) . HONDURAN PARASITES CAUSE VISCERAL AND CUTANEOUS LEISHMANIASIS Blaineau et al. (1992) examined the karyotype of 22 L. infantum strains from three closely related zymodemes, collected from sandflies and human cases in a restricted focus of cutaneous leishmaniasis in the Pyrenees. They described the homogeneity among these strains as remarkable, although half the chromosomes were polymorphic, and each strain had a unique karyotype, with the small chromosomes (<350 kb) being particulary variable. Studies of the gp63 gene of L. peruviana found considerable variation in the size of the chromosome carrying the gp63 gene even from strains isolated from the same valley (Dujardin et al. 1995; Espinoza et al. 1995) . The variation found in those studies demonstrates the capacity for the generation of genetic diversity at this locus and highlights the exceptional degree of homogeneity found in the Honduran L. chagasi strains.
DISCUSSION
Differential display indicated that the four L. chagasi strains examined are more similar to a visceral L. infantum strain (MHOM/TN/80/ IPT1) than they are to a cutaneous L. infantum strain from the Mediterranean area (MHOM/FR/ 80/LEM188). This would suggest that the majority of differences between the cutaneous and visceral strains from the Mediterranean are not related to pathology; therefore, if there are differences in the parasite that are related to pathology they may be easier to detect in closely related strains such as those from Honduras than they would be in the more varied L. infantum parasites from the Mediterranean region.
A number of host and vector mechanisms have previously been described which can account for the differences in pathology (Gradoni and Gramiccia 1994; Grimaldi and Tesh 1993) . Resistance to Leishmania has a genetic component (Cabello et al. 1995; Liew and O'Donnel 1993; Vidal et al. 1995) , and nutritional status may also be important (Dye and Williams 1993) . However, in Honduras, susceptibility to the two types of disease appears to be age related. The median age of patients with cutaneous disease caused by L. chagasi in the present study was 9.5 years (n‫,71ס‬ range 6-15 years). The median age of patients with visceral disease was 2 years (n‫,5ס‬ range 20 months to 2 years) ( Table 1) . Of the 210 confirmed cases of visceral leishmaniasis between 1974 and 1990, 96% were children under 6 years of age. The youngest child with cutaneous leishmaniasis due to L. chagasi was 6 years of age and 90% of the cases are children between 8 and 16 years of age. There is also a significant sex difference in susceptibility to visceral leishmaniasis (P < 0.001): 70% of children with the disease are female.
Vector-related mechanisms may also be involved. Warburg et al. (1994) proposed that components in the saliva of Lutzomyia longipalpis, including the vasodilatory protein maxadilan, caused L. chagasi infections in Costa Rica to remain local and not become systemic. In contrast, the saliva of Colombian strains of Lu. longipalpis is reported to promote early dissemination of the parasite which may enhance the risk of visceral disease. The sex pheromones of sandflies from Costa Rica and Honduras have been examined and it was found that in Costa Rica there are at least two Lu. longipalpis populations separated by sex pheromone mating barriers. In contrast sandflies captured in foci of the two types of disease in Honduras have the same sex pheromone type, suggesting that the same sandfly population is capable of transmitting parasites that cause both pathologies (Hamilton et al., in press ).
Parasites causing cutaneous disease around the Mediterranean are sometimes difficult or impossible to isolate into culture (Ben-Ismail et al. 1992; Gramiccia et al. 1987) , whereas parasites have routinely been isolated from aspirates of cutaneous lesions in Honduras by standard methods. The difference in ease of culture may reflect a significant difference in the biology of parasites, causing cutaneous lesions in the two regions.
In the future it should be easier to follow the spread of strains through a region. We have demonstrated here that PCR-based schizodemes for Leishmania, which have not previously been described, are as sensitive as PFGE for distinguishing between strains and more sensitive than isoenzymes. Angelici et al. (1989) used schizodemes to show that visceral and cutaneous strains of L. infantum clustered into distinct groups. We have also found substantial variation in schizodemes of L. infantum but not Honduran L. chagasi. It is now possible, using PCR, to prepare schizodemes directly from clinical material, this will permit a larger number of samples to be analyzed more easily, with less risk of artifacts which may appear in the process of isolation and bulk culture.
None of the methods used in the present study detected differences between cutaneous and visceral L. chagasi isolates from Honduras which correlated with pathology. Nevertheless, a single nucleotide change, such as the substitution that causes the glycine to aspartate transition in the Nramp gene that determines L. donovani complex susceptibility in mice (Vidal et al. 1995) , could determine virulence but would not necessarily have been detected in the present study. In the Mediterranean different pathologies caused by L. infantum are correlated with different parasite strains. In contrast there is a unique degree of homology between L. chagasi strains from Honduras and a clear age difference in susceptibility to the two forms of disease. Consequently, although it should be emphasized that a parasite virulence factor cannot be ruled out, the data presented here suggest that a combination of factors involving the host, the vector, and possibly the parasite are likely to be the cause of the different human responses to L. chagasi infection.
